Anterior mediastinal masses include a wide spectrum of malignant and benign pathologies with a large percentage represented by thymic lesions. Distinguishing these masses on diagnostic imaging is fundamental to guide the proper management for each patient. This review illustrates possibilities and limits of different imaging modalities to diagnose a lesion of the anterior mediastinum with particular attention to thymic disease.
Introduction
Thymus is a lymphoid organ of the immune system, the site where the haemopoietic precursor cells evolve into T-cells, which are fundamental for the adaptive immune system. It emerges from the 3 rd and 4 th branchial sack, containing elements from all three germinal films, even if the main cell populations are the thymocytes and the reticular epithelial cells. Its development begins in the 6 th gestational week and from the 8 th gestational week it starts migrating reaching its final position in the anterior mediastinum after the fusion of its two lobes. During its development, until the 9 th gestational week, thymus remains epithelial; by the 10 th week, small lymphoid cells migrate from fetal liver and bone marrow, leading to lobulation of the gland. Thymus is protected by a connective tissue capsule, the septa of which penetrate into the tissue and divides it into incomplete lobules. Each lobule has a peripheral dark zone called cortex and a middle lighter zone called medulla; the latter differentiation is completed by 14 and 16 weeks (1) . The capsule is made up of inner and outer layers of collagen and reticular fibers. It continues to become larger, reaching its maximum absolute weight at puberty; during adult age it undergoes an involution process during which the epithelial cells are replaced from adipose tissue and thus it is difficult to recognize on imaging studies performed in healthy adults (1) . However, once the thymus becomes pathological, the gland demonstrates a variety of clinical and radiological manifestations that require comprehensive understanding of each entity. Thus, it is really important to recognize normal thymus and distinguishing it from its pathological manifestations which could be benign (thymic cists, thymic hyperplasia) or malignant (thymic neoplasm). Since the thymus is anatomically located in the anterior superior mediastinum, where the 50% of all mediastinal masses could be located, it plays the main role in the differential diagnosis of anterior mediastinal masses (2, 3) . Moreover,
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Update in diagnostic imaging of the thymus and anterior mediastinal masses because thymus migrates from the 3 rd and 4 th branchial pouches to the anterior mediastinum, ectopic thymus tissue or ectopic thymoma can occur anywhere long this pathway, often manifesting as a neck mass. Thus, to be awareness of the embryologic features of the thymus is important in recognizing these entities (1) .
The aim of this article is to provide a comprehensive review on thymic lesions and their differential diagnosis, throughout imaging.
The mediastinum and the "appearance" of normal thymus in adults
The mediastinum is an anatomic space in the chest located between the two pleural spaces, behind the posterior sternal table, extending superiorly to the thoracic inlet, posteriorly to the anterior longitudinal ligament of the spine and paraspinal sulci, and inferiorly to the diaphragm. It contains vital structures such as hearth, great vessels, trachea and main bronchi, esophagus, thymus, venous and lymphatic structures and nerve tissue; in clinical and radiological practice it is frequent to find masses into this space, especially in the anterior compartment (50% of all mediastinal masses) and the goal of radiology is to define their specific origin in order to guide clinicians and surgeons to the best clinical or surgical treatment. Several divisions in different compartments have been proposed over the years; the most famous is the Felson's division that divides the mediastinum into three compartments (anterior, middle and posterior compartment) on lateral chest radiography (4, 5) .
The main problem of this classification is that it is based on the lateral chest radiography. Felson, although he never classified the mediastinum, proposed a way to identify a mass based on its position with respect to two lines drawn. The dividing line between the anterior and middle mediastinum is detected along the anterior portion of the cardiac posterior margin. Within the center of the body (i.e., the retrosternal space), the sagittal plane of the section shows the anterior mediastinal area before the anterior tracheal wall, the large vessels and the pericardium. Nonetheless, on the left side of the mediastinum, the posterior limit of the anterior mediastinum diffuses deeply along the aortic arch and the left bone, and this anatomical complication produces incoherence. That is to say that the anterior compartment could include some masses both in the anterior mediastinum and in the middle mean, on a lateral chest radiograph (6) .
Furthermore, due to the fact that it is reasonably common in radiological practice to find a mediastinal mass as an occasional finding during a computed tomography (CT) scan for other reasons and since moreover the therapeutic and eventually surgical strategy is established by the clear definition of the site of the mass and of its connection with the other neighbouring structures, only possible with CT or magnetic resonance imaging (MRI), the International Thymus Malignancy Interest Group (ITMIG) proposed a new classification of mediastinal compartments in CT in order to overcome this problem.
In this classification the mediastinum has been divided into prevascular, visceral, and paravertebral compartments corresponding to the previously defined anterior, middle and posterior mediastinal regions (7) . The superior and inferior borders are the same for the three compartments and consist of the thoracic inlet and diaphragm, respectively. The posterior border of the prevascular compartment is the anterior part of the pericardium. That means that this region wraps around the heart up to the right and left pulmonary hila, whereas the posterior line of the visceral compartment consists of a curved vertical line drawn 1 cm posterior to the anterior aspect of the thoracic vertebrae, which is best visualized on a sagittal view. In this way the descending aorta belongs to the visceral compartment (8, 9) .
Another recent mediastinal classification has been proposed by the Japanese Association for Research on the thymus (JART) (6) . This classification recognizes four mediastinal partitions based on oblique CT images: superior part of mediastinum, anterior mediastinum, middle mediastinum and posterior mediastinum, and it is pondered for the differential diagnosis of mediastinal tumors. Recognizing the superior part of the mediastinum has the advantage of making it easy to differentiate an intrathoracic struma or neurogenic mass of the thoracic inlet from other mediastinal masses. We described the limit at the caudate edge of the brachiocephalic vein with the trachea (tracheal midplane). This limit is confidential to thoracic radiologists, physicians and surgeons, because corresponds to an imaginary line of 2R (right upper paratracheal) and 4R (right lower paratracheal) mediastinal lymph nodes on the International Association for the Study of Lung Cancer (IASLC) lymph node map (10) (11) (12) . Applying this stratification in the investigation of 445 pathologically demonstrated mediastinal mass, and categorized them into the proposed four compartments by consensus reading, the majority of intrathoracic struma and one-fifth of neurogenic tumors were found in the superior part of the mediastinum. Avoiding this classification would affect differential diagnosis, in that many intrathoracic struma would be categorized as being in the anterior or middle mediastinum.
Differently from formerly described methods of mediastinal subdivision where the heart and great vessels, trachea, and main bronchi are located in the middle mediastinum, whilst the esophagus is located in the posterior mediastinum (5, 13) the JART classification did not include the cardiovascular system in the mediastinal compartmentalization (6) . The anterior edge of great vessels, pericardium and heart are considered the posterior limit of the anterior mediastinal compartment, whilst the posterior edge of the great vessels, pericardium and heart are the anterior limit of the middle mediastinal compartment. The authors justify this choice stating that esophagus, trachea, and bronchi share an embryological genesis (foregut, endoderm), these should all be classified into the same compartment (the middle mediastinum). Most of the lesions located in the middle mediastinum included foregut cysts, tracheal and esophageal tumors, and lymphadenopathy ( Table 1) .
From a radiological point of view what constitutes the normal anatomy of thymus is another important issue. After reaching its greatest dimension in relation to body weight before birth, the thymus continues to grow, reaching its maximum weight in puberty; after that it subsequently undergoes involution. This activity starts at puberty. In the course of involution, the epithelial component encounter atrophy, evolving in separated small lymphocytes in profuse adipose tissue. At CT examination thymus become visible as a bilobated triangular structure detected in the anterior mediastinum, most commonly before to the proximal ascending aorta, the pulmonary outflow tract, and the distal superior vena cava until it enters the right atrium. Differentiating thymus from other mediastinal structures may be challenging. The size of a normal thymus has been largely studied with CT and MRI, ranging from 1.1 cm (±0.4 cm) to 0.5 cm (±0.27 cm), according to the age of the patient at CT examination, and to 1.5 to 2.0 cm at magnetic resonance (MR) examination. Its thickness appears greater on MRI because of the better identification of thymic tissue partially replaced by fat and the margins of thymus with this modality (1). 
Mediastinal compartment Definition

Superior portion
The space between the superior border of the mediastinum (i.e., thoracic inlet) and the horizontal plane at the intersection of the caudate margin of the brachiocephalic vein with the trachea (the same as the anatomical definition of the right upper paratracheal, 2R, lymph nodes, based on the lymph node map of the IASLC). The area is also anatomically bound anteriorly by the sternum, laterally by the parietal 
Thymic pathologies
Benign thymic lesions
Thymic cysts
Thymic cysts are 1-3% of all mediastinal masses; they could be congenital or acquired (Figure 1 ). Congenital cysts are generally simple, unilocular with thin wall. Acquired cysts have been associated with myasthenia gravis, systemic lupus erythematosus, Sjogren syndrome, aplastic anaemia, radiation therapy and lymphomas; they are generally multilocular with a thick wall and could have signs of inflammation and tendency to recur after resection more frequent than the congenital cysts; furthermore, they could be associated with thymic malignancy (3).
Thymic hyperplasia
Thymic hyperplasia is defined as a symmetric gland's volume increase; there are two histologic sub types of thymic hyperplasia which are associated with different medical conditions (3). The true thymic hyperplasia occurs when there is a symmetric volume enlargement of the thymus with normal histology. It is commonly due to a rebound from recent stress and occurs after certain conditions such as irradiation or chemotherapy for neoplasms, steroid therapy, pneumonia, surgery or burns; sometimes the gland remains bigger than normal. The second one is the lymphofollicular hyperplasia, which is a symmetric enlargement due to an increased number of lymphoid follicles in the medulla of the gland; occurring in more than 50% patients with myasthenia gravis could be also associated with other autoimmune diseases such as systemic lupus erythematosus, rheumatoid arthritis, scleroderma, vasculitis, thyrotoxicosis and Graves' disease (14, 15) .
Thymic neoplasms
Thymic neoplasms are divided into epithelial tumors, which are exemplified by thymoma and thymic carcinoma, and nonepithelial tumors which are represented by lymphoma of the thymus, thymic carcinoid, germ cells tumors of the thymus and thymolipoma (3).
Epithelial tumors
Thymic epithelial tumors are malignant masses emerging from the thymus that take part for 0.2% to 1.5% of all malignancies but are the most common non-lymphomatous primary neoplasms of the anterior mediastinum (8, 16) .
Thymoma is the most common thymic epithelial tumour and it accounts for 15-21.7% of tumors in the mediastinum and 47% of tumors in the anterior mediastinum (17) . Thymomas are typically slow-growing masses but can show aggressive behavior such as invasion of adjacent thoracic structures and involvement of the pleura and pericardium; however, long-distance metastatic disease is rare (18) . Thymic carcinoma accounts for approximately 20% of thymic epithelial neoplasms and the mean age of presentation is 50 years. Aggressive features such as local invasion and intrathoracic lymphadenopathy are much more common in thymic carcinoma than thymoma, and approximately 50% to 65% of patients present with distant metastases at the time of diagnosis.
The histologic classification of thymic epithelial tumors has changed during the years as well as their staging. In 2015 the World Health Organization (WHO) published the 4 th edition of the classification of thymic tumors ( Table 2 ). This classification system maintained the established nomenclature, in which thymomas are separated from thymic carcinoma and thymomas are subdivided into A, AB, B1, B2 and B3 types based upon the morphology of epithelial tumor cells (polygonal or spindle cells), the relative proportion of the nontumoral lymphocytic component (decreasing from type B1 to B3), and resemblance to normal thymic architecture (19) .
In addition, this new classification defines an "atypical type A thymoma variant" for thymoma type A that shows hypercellularity, increased mitotic activity and necrosis and Micronodular thymoma with lymphoid stroma and metaplastic thymoma. The thymic carcinoma was defined in its various histological subtypes: squamous cell (36%), lymphoepithelioma-like (32%), undifferentiated (11%), small cell (8%), basaloid (4%), sarcomatoid (4%), clear cell (2%), mucoepidermoid (2%) and adenocarcinoma (1%). A neuroendocrine differentiation is also recognized (20) .
The 4 th classification of thymic tumors also introduced the term "combined thymic carcinoma" for tumors that are either composed of different types of thymic carcinoma or for tumors composed by carcinoma and noncarcinoma component (thymoma or carcinoid). If the carcinoma component is very small the tumor cannot be counted in the combined thymic carcinoma but it must be considered in the category of the most represented component. The WHO classification scheme is based on histologic features; however, it has been shown to correlate with the invasiveness and clinical behavior of tumors and with prognosis. In 2017 the 8 th edition of TNM/ AJCC classification established for the first time a stage classification of thymic neoplasms including thymoma, thymic carcinoma, thymic neuroendocrine tumors and combined thymic carcinoma (Tables 3-6) (21) . In a recent retrospective study Ried et al. conclude that the new TNMstaging system is clinically useful and applicable and it can be used for indication, stage-adapted therapy and prediction of prognosis for overall and recurrence-free survival (22) . This classification is determined primarily by levels of local invasion of a thymic malignancy into the surrounding mediastinal structures (T); T1: tumor encapsulated or extending into the mediastinal fat (T1a); may involve the mediastinal pleura (T1b); T2: tumor with direct invasion of the pericardium (either partial or full thickness); T3: tumor with direct invasion into any of the following: lung, brachiocephalic vein, superior vena cava, phrenic nerve, chest wall extra-pericardial pulmonary artery or veins; T4: tumor with invasion into any of aorta, arch vessels, intra-pericardial pulmonary artery, myocardium, trachea or esophagus. The new TNM classification defines nodal involvement (N) by classifying either superficial (N1: anterior mediastinum and lower region) or deep (N2: deep cervical and middle mediastinal nodes) region. Metastatic spread involves most frequently pleura or pericardium (M1a) or less commonly distant, extra-thoracic site (M1b). 
Nonepithelial tumors
Lymphoma
Lymphoma may involve the thymus as part of a disseminated disease or as an isolated site. Hodgkin disease represents the majority of thymic lymphomas, with nodular sclerosis being the most common histologic finding identified in the thymus, while non-Hodgkin lymphoma represents 15-25% and the two most common forms include diffuse large B-cell lymphoma and T-cell lymphoblastic lymphoma (23) .
Germ cell tumors (GCTs)
GCTs mainly grow in gonads and in the midline of the body as well and the mediastinum being the most common extragonadal site; in particular, they account for 10-15% of adult anterior mediastinal tumors in adults and 25% in children (2 Other differential diagnosis in anterior mediastinal masses could be lipoma, liposarcoma, lymphangioma, ectopic thyroid and parathyroid lesions and sarcoidosis (24) (25) (26) (27) .
Imaging
Imaging is pivotal in trying to characterize a mass of the anterior mediastinum. In Table 7 the main imaging features of benign and malignant thymic lesions are summarized considering the different imaging modalities.
Chest X-ray
Conventional radiology is the first imaging technique to perform in the suspicion of an anterior mediastinal mass; in fact, a large anterior mediastinal mass is readily identified by chest radiography as it typically appears as an extra soft tissue mass or opacity. Despite the density of a soft tissue mass is similar to the anterior mediastinal structures, the use of silhouette sign, which describes the loss of normal anatomical borders, increases the sensitivity of detecting abnormalities. For this reason, since the mass displaces the air-containing lung from the mediastinum, the normal border is lost. On the other hand, the identification of a small mediastinal mass requires more attention; in particular the presence of the anterior junction line, representing the point of contact between the anterior lungs and their pleural surfaces anterior to the cardiovascular structures, can help to exclude the presence of an anterior mediastinal mass; however, this line is seen only in 20% of normal chest radiographs (28) . Occasionally advanced diseases may be detected on chest radiograph, manifesting as an irregular border with the lung, an elevation of the ipsilateral hemidiaphragm or pleural nodes, signifying direct lung invasion, phrenic nerve involvement and metastases, respectively (29) . Subsequently it is essential to differentiate between thymic disease (benign or malignant) and non-thymic disease by cross-sectional imaging, CT or MRI (29). 
CT, dual energy CT and perfusion CT
Although CT is typically considered the imaging modality to choose for the characterization of an anterior mediastinal mass and for the staging of the disease, the role of MRI imaging continues to expand (30) . CT, thanks to its high spatial resolution, demonstrates not only the extent of the lesion and its relationship to adjacent structures (31) They found that lymphoma and GCTs tended to be larger than thymomas or benign lesions. Internal mammary, mediastinal and supraclavicular lymphadenopathy demonstrate a strong association with lymphoma; mediastinal encasement and lung invasion were also highly associated with lymphomas (32-34) ( Figure 3) . The presence of interspersed fat inside the lesion is usually associated with a benign diagnosis (e.g., thymic hyperplasia). However, intralesional fat was also occasionally seen in malignant lesions such as lymphomas or thymomas, because of the invasion of mediastinal fat. Globular intralesional fat may be seen in certain GCTs (e.g., teratoma) (32) (Figure 4) . Pleural metastases are frequent in thymomas and thymic carcinomas and usually manifest as nodular or lenticular lesions with or without pleural effusion, which should be differentiated from pleural plaques (35) (36) (37) .
Thymoma, which represents 20% of anterior mediastinal neoplasms, typically appears on CT scan as a spherical or ovoidal, smooth, mediastinal mass, usually closely related to the superior pericardium, with post-contrast enhancement. It may show heterogeneous attenuation because of areas of hemorrhage and necrosis together with punctate, coarse 
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C D E or curvilinear calcifications (29, 38) . Several studies have attempted to study the morphology of thymomas in order to improve preoperative staging accuracy (39) (40) (41) investigated the role of DECT in the differentiation of thymic epithelial tumors and its capability to distinguish low from high risk tumors; they evaluated 37 thymic tumors with a qualitative and a quantitative analysis and they divided low risk thymomas (types A, AB, B1) from high risk thymomas (types B2, B3) and thymic carcinoma. F o r t h e q u a l i t a t i v e a n a l y s i s , e a c h l e s i o n w a s characterized in term of size and volume; moreover, the radiologists evaluated internal characteristics of the tumor (contour, necrosis and calcification) and external characteristics (local invasion, metastasis, pericardial or pleural effusion and lymphadenopathies). There are significant differences in size between low risk thymomas and thymic carcinomas; moreover, tumor contour was significantly different in low risk thymomas and thymic carcinomas: all thymic carcinomas have irregular outline. On the other hand, no significant differences in term of size or contour were found between low risk thymomas and high risk thymoma and between high risk thymoma and thymic carcinoma (44) . The quantitative analysis was based on the evaluation of some parameters such as contrast Hounsfield unit (CHU), iodine concentration (IC) and iodine-related Hounsfield unit (IHU). On a dedicated workstation CHU was calculated by drawing a volume of interest (VOI) of the tumor on post-contrast CT images; IC is measured on the iodine map elaborated by a dedicated software of the workstation and IHU is calculated by the subtracting nonenhanced Hounsfield unit (HU) to the CHU.
The final analysis showed that there was a significant difference in IC and IHU between low risk thymoma and high risk thymoma and also between low risk thymoma and thymic carcinomas; however, there was no significant difference between high risk thymomas and thymic carcinomas and IC and IHU were lower in high risk thymomas and in thymic carcinomas than in low risk thymomas (44) .
The reduction of IC and IHU was essentially due to the presence of abundant necrosis: this study suggests that these parameters allow a better definition on presence/absence of necrosis than just CHU and it concludes that DECT allows to evaluate both morphological characteristic and IC that can help to predict the WHO classification and the Masaoka-Koga stage.
These results were confirmed also by the study of Yan et al. that analyzed CHU, IC and IHU in post-contrast artery and venous phase CT; they confirmed that IHU and IC are higher in low risk than in high risk thymomas and thymic carcinomas both in artery and venous phase; however, the analysis of these parameters on venous phase seems to be more effective for the differential diagnosis (45) .
CT perfusion, a functional imaging technique, providing quantitative data on tissue perfusion such as blood flow (BF), blood volume (BV) and permeability surface (PS), offers a different approach for preoperative diagnosis of mediastinal anterior masses (46) . In fact, CT perfusion has been found useful in evaluating tumor angiogenesis, characterization, infiltration of tissue surrounding the lesion and tumor response to chemoradiotherapy (47) (48) (49) (50) (51) (52) . Bakan et al. recently investigated the possibility of this technique to differentiate thymoma from thymic hyperplasia, lymphoma, thymic carcinoma and invasive lung cancer involving the anterior mediastinum ( Figure 6) . The authors found a statistically significant difference in BV between thymoma and lymphoma (Figures 7,8) . Moreover, comparison of perfusion values of thymoma with those of other malignant tumors revealed significantly higher BF and BV values in thymoma (46) .
Texture analysis is an innovative technique that analyses the distribution and relationship of pixels in the images, providing data on tumor characteristics; in this sense, Iannarelli et al. analysed 16 patients affected by thymic tumors and they found a significant relationship between radiomics features and tumor necrosis, Masaoka classification and myasthenic syndrome (53) ; however, these results should be validated in a large case series and the technique is affected by low reproducibility among the different softwares employed (54, 55) .
MRI
MR is another imaging modality that could be effective in distinguishing thymic epithelial neoplasm and other malignant tumors from benign lesions in the anterior mediastinum and can be used to characterize and stage thymic tumors in those patients with contraindications for contrast-enhanced CT, such as severe contrast allergy and/ or renal failure. MRI does not use ionizing radiations and can be safely used in young patients; however, since MR scan time is much longer than CT, an effective cooperation of the patient is pivotal for the success of the examination. Comparing to CT, MR is crucial for distinguishing normal thymus and thymic hyperplasia from small thymomas because of the high sensitivity of T1-weighted gradientecho images for detecting microscopic fat; since the normal thymus and thymic hyperplasia contain a small amount of fat, on T1-weighted out-phase images it is clearly visible a decreased signal intensity comparing to T1-weighted inphase images, whereas this finding lacks in case of thymic tumors (58) (Figures 9,10) .
In this regard, a quantitative analysis of MR images is also possible by measuring the chemical shift ratio (CSR); the CSR is determined by comparing the signal intensity of the thymus gland with that of the paraspinal musculature on both T1-weighted in-phase and opposed-phase images (15) . It is not routinely performed because there is no consensus nor accepted guidelines for measurements and © Gland Surgery. All rights reserved.
Gland interpretation of data but it has been demonstrated to improve the characterization of thymus abnormalities and in particular the differentiation between normal thymus or hyperplastic thymus from thymic neoplasms (14, 56) . Thymoma on MR usually shows low to intermediate signal intensity on T1-weighted images and high signal intensity on T2-weighted images; however, signal intensity can be heterogeneous in tumors with necrosis, hemorrhage or cystic changes (29) .
As on CT, some attempts have been made on MR for thymoma preoperative staging. Abdel Razek et al. tried to categorize 30 different thymic epithelial neoplasms using qualitative and quantitative analysis on MR imaging. On qualitative analysis, they demonstrated that lobulated margins are more often seen in low risk thymoma (types A, AB and B1) than in high risk thymoma (types B2 and B3) or thymic carcinoma, necrosis was present in all thymic carcinomas and more often in high risk thymoma than in low risk thymoma, as well as pleural effusion (57) .
The quantitative analysis was performed using diffusion weighted images (DWI). The image quality and diagnostic capability of MR have improved and the use of DWI in diagnosis of neoplasms is largely diffuse; recently it has been introduced in thoracic MR study.
In their study Abdel Razek et al. demonstrated that there was a significant statistical difference of the apparent diffusion coefficient (ADC) values between high risk and low risk thymomas; in particular ADC values were higher in low risk thymomas (1.30×10 −3 mm 2 /s ±0.08) than in high risk thymomas (1.16×10 −3 mm 2 /s ± 0 . 0 7 ) a n d t h y m i c c a r c i n o m a s ( 1 . 1 8 × 1 0 −3 m m 2 / s ±0.23) (57) . They also evaluated the possibility to distinguish Masaoka-Koga stage classes by using ADC values; I and II stages showed higher ADC values than those of III and IV stages: 1.31×10 −3 mm 2 /s ±0.08 for early stages (I and II), 1.18×10 −3 mm 2 /s ±0.13 for advanced stages (III and IV) (57) . The authors concluded that the best cut-off for ADC value used to differentiate low risk thymoma from high risk thymoma and thymic carcinomas was 1.22×10 −3 mm 2 /s (accuracy 88% and 86%; sensitivity 75% and 87%; specificity 85% and 88%) (57) . Another advantage of DWI is that, conversely to chemical shift MRI, it seems to be able to differentiate normal thymus from thymic hyperplasia by using ADC values which are higher in normal thymus (2.10±0.23×10 −3 mm 2 /s and 1.86±0.17×10 −3 mm 2 /s) (14) . Post-contrast dynamic MR imaging is also useful for the differential diagnosis of anterior mediastinal tumors: in this regard Reubi et al. demonstrated that mean time to peak (MTP) of the time intensity curve was different between thymomas (1.5 min) and non-thymoma tumors. They also demonstrated that thymomas stage I/II have a MTP significantly shorter (1.3 min) than stage III thymomas (2.5 min) (58) . Moreover, particular MR sequences used to study lymphatic system (magnetic resonance lymphangiography) that adopt an effective echo time close to lymphatic T2, may be performed in the suspicion of lymphangioma (25, 59) . Concerning the comparison between MR and CT for diagnosing anterior mediastinal masses, (17) .
Positron emission tomography (PET)
Little is known about the diagnostic performance ; the statistical analysis demonstrated a sensitivity of 83%, a specificity of 58%, a positive and negative predictive value of 90% and 42% respectively (61) . Therefore, this imaging modality does not have a role in routine clinical practice in order to assess the malignant potential of an anterior mediastinal mass.
The role of imaging guided biopsy
The effort to achieve a diagnosis in case of anterior mediastinal lesions have to be balanced to the risk of tumor cells seeding in the chest wall. Above all, thymomas are associated with a high risk of local recurrence and for this reason capsulated lesions, expected to be thymoma stage Masaoka III, are preferred to be treated with upfront surgery avoiding the risk of seeding due to a diagnostic invasive procedure (62) . The invasive preoperative diagnosis is generally reserved to patients affected by invasive mediastinal lesions and in those with a high suspect of lymphoproliferative disease (63) . For the first ones, the diagnosis is mandatory for a preoperative induction treatment before surgery or a definitive chemoradiotherapy (64); for the second ones, is mandatory to address the chemotherapy regimen. In all cases, a cytological evaluation is considered inappropriate and a histologic sample is mandatory just only to discriminate between a thymic carcinoma and a lymphoproliferative disease (65) . The anterior position of these lesions makes the surgical biopsy easy with a good patient compliance, however, when feasible, a CT or echo guided needle biopsy seems reach the same accuracy of an open biopsy avoiding patient hospitalization and general anesthesia (63) .
Conclusions
Awareness of the embryologic, histologic, and normal morphologic features of the thymus is essential for recognizing the normal thymus and suspecting the different thymic diseases. Furthermore, since imaging could help in differential diagnosis of thymic diseases, staging, prognostication as well as in the followup monitoring for recurrence of malignant thymic diseases, radiologists should be aware about the role and possibilities of different diagnostic techniques. Moreover, because treatment of thymic pathologies could be different (i.e., patients with advanced thymoma receive neoadjuvant chemotherapy or lymphoma that could avoid surgery), radiologists should be familiar with the staging system of thymoma in order to identify such patients before surgery and as much as possible should be familiar with the imaging features of different thymic pathologies, in order to avoid unnecessary surgery. A B C
